Comparative Analysis of the Efficiency of Air Source Heat Pumps in Different Climatic Areas of Iran  by Tabatabaei, Seyed Amin & Treur, Jan
 Procedia Environmental Sciences  34 ( 2016 )  547 – 558 
1878-0296 © 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of IEREK, International experts for Research Enrichment and Knowledge Exchange
doi: 10.1016/j.proenv.2016.04.048 
Available online at www.sciencedirect.com
ScienceDirect
,PSURYLQJ6XVWDLQDELOLW\&RQFHSWLQ'HYHORSLQJ&RXQWULHV
&RPSDUDWLYHDQDO\VLVRIWKHHIILFLHQF\RI
DLUVRXUFHKHDWSXPSVLQGLIIHUHQWFOLPDWLFDUHDVRI,UDQ
6H\HG$PLQ7DEDWDEDHL,-DQ7UHXU
VU University Amsterdam, Agent Systems Research Group, De Boelelaan 1081, 1081 HV Amsterdam, The Netherlands 
{s.tabatabaei, j.treur}@vu.nl 
$EVWUDFW
7RDGGUHVV WKHSUREOHPVFDXVHGE\IRVVLOHQHUJ\XVDJH LW LV LPSRUWDQW WRPDNHD WUDQVLWLRQ WR UHQHZDEOHVRXUFHVRIHQHUJ\ LQ
SDUWLFXODULQWKHUHVLGHQWLDODUHD+HDWLQJV\VWHPVVXFKDVDLUVRXUFHKHDWSXPSVWKDWJDWKHUKHDWHQHUJ\IURPWKHDPELHQWDLUDUH
XVHIXODOWHUQDWLYHV+RZHYHUZKHWKHURUQRWVXFKWHFKQLFDOVROXWLRQVDUHDFWXDOO\XVHGGHSHQGVRQ LQGLYLGXDOGHFLVLRQV ,Q WKH
FXUUHQW SDSHU WKH HFRQRPLF DVSHFW IRU KHDWLQJ LV DQDO\VHG IRU GLIIHUHQW UHJLRQV RI ,UDQ DQG IRU GLIIHUHQW SULFLQJ VWUDWHJLHV IRU
HOHFWULFLW\ DQGJDV7KLV LV GRQHEDVHGRQQXPHULFDO VLPXODWLRQVRYHU D\HDU EDVHGRQ WHPSHUDWXUHGDWD IRU GRPHVWLF KHDWLQJ
EDVHGRQDKHDWSXPSLQFRPSDULVRQWRJDVEDVHGKHDWLQJ

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RI,(5(.,QWHUQDWLRQDOH[SHUWVIRU5HVHDUFK(QULFKPHQWDQG.QRZOHGJH([FKDQJH
Keywords:$LUVRXUFHKHDWSXPSUHQHZDEOHHQHUJ\VPDUWJULGVVXVWDLQDEOHFLWLHVFOLPDWHFKDQJHFOLPDWLFDUHDVRI,UDQ
,QWURGXFWLRQ
5HVLGHQWLDO HQHUJ\ XVDJH UHSUHVHQWV DERXW RQH WKLUG RI JOREDO HQHUJ\ XVH DURXQG  SHUFHQW RI HQHUJ\ LQ RXU
KRXVHVLVXVHGIRUZDWHUDQGVSDFHKHDWLQJ,WWKHUHIRUHSOD\VDNH\UROHLQHQHUJ\UHODWHGHQYLURQPHQWDOSUREOHPV
7RUHGXFHHQHUJ\FRQVXPSWLRQDQGHPLVVLRQRIJUHHQKRXVHJDVVHVVXFKDV&2LQWKHUHVLGHQWLDOVHFWLRQDKHDWLQJ
V\VWHP FDOOHG$LU 6RXUFH+HDW 3XPS $6+3 KDV WXUQHG RXW D JRRG RSWLRQ VXFK D V\VWHP FDQ UHGXFH ERWK WKH
HPLVVLRQVDQGWKHDQQXDOOLYLQJFRVWVRIIDPLOLHV


&RUUHVSRQGLQJDXWKRU7HOID[
E-mail address:VWDEDWDEDHL#YXQO
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of IEREK, International experts for Research Enrichment and Knowledge Exchange
548   Seyed Amin Tabatabaei and Jan Treur /  Procedia Environmental Sciences  34 ( 2016 )  547 – 558 
5HVLGHQWLDOORDGVFDQEHFODVVLILHGLQWRWZRFDWHJRULHVWKRVHWKDWFDQDQGWKRVHWKDWFDQQRWEHGHIHUUHGWRODWHURU
VKLIWHGWRHDUOLHUWLPHV/LJKWLQJLVDQH[DPSOHRIWKHODWWHUDQGH[DPSOHVRIWKHIRUPHULQFOXGHZDVKLQJPDFKLQHV
GLVKZDVKHUVERLOHUVIULGJHVDQGIUHH]HUVDQGDOVRWKHUPDOORDGV+HQFHLWLVSRVVLEOHWRFRQWUROVRPHRIWKHGHYLFHV
LQ WKH KRPH ZLWKRXW LPSDFWLQJ WRRPXFK RQ WKH OLIHVW\OH RI WKH XVHU ,Q D VPDUW KRPH LW LV SRVVLEOH WR XVH DQ
LQWHOOLJHQWVRIWZDUHDJHQWWRFRQWUROVRPHGHYLFHVWRVKLIWWKHORDGVPRUHWRWKHRIISHDNKRXUVZLWKRXWDIIHFWLQJWKH
OLIHVW\OHRIXVHUVWRRPXFK$QLQWHOOLJHQWDJHQWDGGUHVVLQJWKHUPDOORDGVDLPVWRRSWLPL]HWKHKHDWLQJSURILOHWLPHV
DWZKLFKDQGH[WHQWWRZKLFKWKHKHDWHULVWXUQHGRQLQRUGHUWRJXDUDQWHHWKDWWKHUHTXLUHGWHPSHUDWXUHLVUHDFKHGDW
WKHWLPHRQHRIWKHLQKDELWDQWVLVSUHVHQWDQGWKHFRVWVRIGRLQJVRDUHPLQLPL]HG(OHFWULFDOKHDWLQJDQGKHDWSXPSV
FDQSOD\DQLPSRUWDQWUROHRQIXWXUHVPDUWFLWLHVDQGVPDUWJULGVIRUGHPDQGVLGHPDQDJHPHQW+RZHYHUWKLVLVQRW
H[DFWO\WKHIRFXVRIWKLVSDSHUIRUPRUHLQIRUPDWLRQDERXWWKLVIRUH[DPSOHVHH
+HDWSXPSVDUHFRQVLGHUHGDNH\HQHUJ\WHFKQRORJ\IRUWRPRUURZ¶VVXVWDLQDEOHFLWLHVDVWKH\FROOHFWKHDWIURP
UHQHZDEOH ORFDOO\ DYDLODEOH HQHUJ\ VRXUFHV VXFK DV DLUZDWHUJURXQGRUZDVWHKHDW DQGSURGXFHQRGLUHFW ORFDO
HPLVVLRQV 7KHLU DELOLW\ WR FRXSOH HOHFWULFDO DQG WKHUPDO HQHUJ\ PDNHV WKHP NH\ FRPSRQHQWV LQ WRPRUURZ¶V
LQWHJUDWHGHQHUJ\VWUDWHJLHVDQGLGHDO³SDUWQHUV´LQVPDUWHQHUJ\VWRUDJHVXSSO\DQGGHPDQGVLGHPDQDJHPHQWJULG
EDODQFLQJDQGORDGVKLIWLQJ
,QPRUHGHYHORSHGFRXQWULHVOLNHWKH1HWKHUODQGVWKHUHDUHKLJKWD[HVRQWKHSULFHVRIIRVVLOIXHOEDVHGHQHUJLHV
IRUGRPHVWLFXVDJH OLNHHOHFWULFLW\DQGQDWXUDOJDV$FWXDOO\E\ WKHVH WD[HVSHRSOHDUHSXVKHG WRXVH OHVVHQHUJ\
HQHUJ\VDYLQJDQGDOVRWRPRYHWRZDUGPRUHUHQHZDEOHDQGJUHHQHQHUJLHV6RWKLVFDQEHDQLPSRUWDQWUHDVRQIRU
PRYLQJWRXVHKHDWSXPSVLQVWHDGRIRWKHUKHDWLQJV\VWHPVLQPRGHUQFRXQWULHV,QFRQWUDVWLQOHVVGHYHORSHGDQG
GHYHORSLQJFRXQWULHVVSHFLDOO\WKRVHZKLFKKDYHODUJHUHVRXUFHVRIRLORUJDVOLNH,UDQWKHUHDUHELJVXEVLGLHVRQ
WKHSULFHVRIQDWXUDOJDVDQGHOHFWULFLW\7RVRPHH[WHQWWKHVXEVLGLHVHQFRXUDJHSHRSOHWRXVHPRUHHQHUJ\DQGQRW
FRQVLGHUDOWHUQDWLYHVRXUFHVRIHQHUJ\
,QWKLVSDSHUE\XVLQJFRPSXWDWLRQDOPRGHOVDQGDYDLODEOHGDWDVHWVDERXWGDLO\FOLPDWHIDFWRUVDQGFKDQJHVLQ
VRPH,UDQLDQFLWLHVWKH\HDUO\SHUIRUPDQFHRIDQ$6+3XVHGDVWKHPDLQKHDWLQJV\VWHPRIDKRXVHLVHVWLPDWHG
0RUHRYHUDFRPSDUDWLYHZKDWLIDQDO\VLVLVPDGHIRUWKHFRVWVLQWKHFDVHWKDWWKHUHDUHSULFHVZLWKVXEVLGLHVUHDO
SULFHVDQGDOVRSULFHVZLWKWD[HV
)LQDOO\ E\ FRPSDULQJ WKH \HDUO\ SHUIRUPDQFH RI DQ $6+3 LQ VRPH ,UDQLDQ FLWLHV ZLWK GLIIHUHQW FOLPDWH
FKDUDFWHULVWLFVWKHHIIHFWLYHQHVVRIXVLQJWKLVWHFKQRORJ\GHSHQGLQJRQWKHGLIIHUHQWFOLPDWLFDUHDVRI,UDQKDVEHHQ
LQYHVWLJDWHG
7KHSDSHULVRUJDQL]HGDVIROORZV)LUVWVRPHEDFNJURXQGLQIRUPDWLRQDERXWKHDWSXPSVDUHSUHVHQWHGLQ6HFWLRQ
7KHQWKHVLPXODWLRQLVH[SODLQHGLQGHWDLO,QQH[W6HFWLRQVLPXODWLRQUHVXOWVDUHSURYLGHG7KHQH[WVHFWLRQLVD
GLVFXVVLRQ)LQDOO\WKHODVWVHFWLRQFRQFOXGHVWKHSDSHU
%DFNJURXQG
,QWKLVVHFWLRQVRPHEDFNJURXQGLQIRUPDWLRQLVGLVFXVVHGRQKHDWLQJDQGKHDWSXPSVDQGDERXWHQHUJ\SULFLQJLQ
,UDQDQGRWKHUFRXQWULHV
2.1. Heat pumps 
7UDGLWLRQDOKHDWLQJV\VWHPVDUHXVXDOO\EDVHGRQQRQUHQHZDEOHUHVRXUFHVVXFKDVJDVRLODQGFRDOZKLFKDUH
QRW VXVWDLQDEOHDVRQO\ OLPLWHGDPRXQWVRI WKHPDUHDYDLODEOH%HVLGHV WKH\KDYH VHULRXVQHJDWLYHHIIHFWVRQ WKH
HQYLURQPHQWDQGFOLPDWH7KHUHIRUHDOWHUQDWLYHGRPHVWLFKHDWLQJV\VWHPVJHWPXFKDWWHQWLRQQRZDGD\VVXFKDVWKH
XVHRIDKHDWSXPSHJ±
2.1.1. How does it work? 
7KH VHFRQG ODZ RI WKHUPRG\QDPLFV VWDWHV WKDW KHDW IORZV QDWXUDOO\ IURP UHJLRQV RI KLJKHU WHPSHUDWXUH KRW
VRXUFHWRUHJLRQVRIORZHUWHPSHUDWXUHFROGVLQN)LJXUHD0RUHRYHUKHDWWUDQVIHUFDQEHXVHGWRGRZRUN
DQGWKLVLVKDSSHQHGLQKHDWHQJLQHVILJXUHE+RZHYHU,WLVLPSRVVLEOHWRH[WUDFWDQDPRXQWRIKHDW4+IURPD
KRWUHVHUYRLUDQGXVHLWDOOWRGRZRUN:6RPHDPRXQWRIKHDW4&PXVWEHH[KDXVWHGWRDFROGUHVHUYRLU2QWKH
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RWKHU KDQG KHDW FDQEHPDGH WR IORZ IURPD FROGHU UHJLRQ WR DKRWWHU UHJLRQZKLFK LV H[DFWO\ZKDW KDSSHQV LQ
UHIULJHUDWRUVDLUFRQGLWLRQHUVDQGDOVRKHDWSXPSV%XWKHDWRQO\GRHVWKLVZKHQLWLVIRUFHGE\:ILJXUHF
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)LJD0RYHPHQWRIWKHUPDOHQHUJ\IURPKHDWVRXUFHWRFROGVRXUFHE8VLQJKHDWIORZWRSURGXFHZRUNF,WLVSRVVLEOHWRFRQYHUWKHDW
IORZIURP&ROGVLQNWRKRWVRXUFHE\GRLQJZRUN
$KHDWSXPSWDNHVWKHUPDOHQHUJ\IURPWKHHQYLURQPHQWIURPDLUZDWHURUVRLODQGXVHVWKLVWRKHDWWKHZDWHU
RIDFHQWUDOKHDWLQJV\VWHPLQWKHKRXVH7RGRWKLVDQDPRXQWRIHOHFWULFDOHQHUJ\LVXVHGWRUXQWKHKHDWSXPS
ZKLFKLVRQO\DIUDFWLRQRIWKHSURYLGHGKHDWLQJHQHUJ\$QLPSRUWDQWLVVXHKHUHLVWKDWRQWKHFROGHVWGD\VZKHQ
KHDWLQJ QHHGVPRVW HQHUJ\ WKH DLU WHPSHUDWXUH LV ORZ DQG GXH WR WKDW DQ DLU WR ZDWHU KHDW SXPS EHFRPHV OHVV
HIILFLHQWLQXVH
2.1.2. Performance factor of a Heat pump 

7KHSHUIRUPDQFHRI DKHDW SXPS LV GHVFULEHGE\ WKH VHDVRQDOSHUIRUPDQFH IDFWRU 63)ZKLFK LQGLFDWHVKRZ
PXFKHOHFWULFDOHQHUJ\LQN:KLVQHHGHGWRUXQWKHKHDWSXPSDVLQSXWWRJHWDFHUWDLQDPRXQWRIKHDWLQJHQHUJ\
DVRXWSXWIRUWKHKHDWSXPSRYHUDFHUWDLQWLPHSHULRGRUDVHDVRQHJ 
UsedEnergy
ovidedEnergy
SPF
B
B3U   
)RUDQ$6+3WKLVSHUIRUPDQFHIDFWRUPRVWO\YDULHVEHWZHHQDQGHJIRURXWGRRUWHPSHUDWXUHVEHWZHHQ
&DQG&HJ2IWHQLWLVEHWZHHQDQGHJIRUDPELHQWWHPSHUDWXUHVEHWZHHQ&DQG&,WVWURQJO\
GHSHQGVRQ WKHRXWGRRU WHPSHUDWXUHDQG LQSDUWLFXODURQ WKHGLIIHUHQFHEHWZHHQ WKHRXWGRRU WHPSHUDWXUHDQG WKH
ZDWHU WHPSHUDWXUH RI WKH KHDWLQJ V\VWHP 7R EH DEOH WR SUHGLFW WKH SHUIRUPDQFH RI DQ $6+3 PDQ\ GLIIHUHQW
IRUPXODVDUHVXJJHVWHGE\GLIIHUHQWUHVHDUFKHUV6RPHRIWKHVHIRUPXODVDUHUHYLHZHGLQ
2.1.3. Different types of heat pumps 
+HDWSXPSVDFTXLUHXSWRWRRIWKHLUGHOLYHUHGHQHUJ\IURPWKHKHDWDYDLODEOHLQWKHHQYLURQPHQW2QO\
WKHUHPDLQLQJWRLVIURPHOHFWULFLW\WRGULYHWKHGHYLFH,QWKHHQYLURQPHQWLWFDQEHWDNHQIURPWKHDLUWKH
JURXQGVXUIDFHZDWHURUIURPZDVWHKHDWRILQGXVWULDOSURFHVVHV6LQFHVXUIDFHZDWHUOLNHDODNHRUDULYHULVQRW
DYDLODEOHHYHU\ZKHUHDQGLQVWDOOLQJJURXQGVRXUFHKHDWSXPSVQHHGDELJLQYHVWPHQWPDQ\GRPHVWLFKHDWSXPSV
KDUYHVWWKHLUHQHUJ\IURPWKHDLUDLUVRXUFHRUDLUWRZDWHUKHDWSXPS7KLVLVWKHW\SHRIKHDWSXPSFRQVLGHUHGLQ
WKLVSDSHU
2.1.4. Studies about heat pumps in Iran 
8QWLOQRZVRPH,UDQLDQUHVHDUFKHUVKDYHGRQHVWXGLHVDERXWKHDWSXPSV$XWKRUVRIDQGRSWLPL]HDQGGHVLJQ
RIDJURXQGVRXUFHKHDWSXPS*6+3ZLWKYHUWLFDOKHDWH[FKDQJHUVXVLQJGLIIHUHQWDOJRULWKPV:KLOHLQVLPLODU
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ZRUN LV UHSRUWHG IRU D*6+3ZLWKKRUL]RQWDO KHDW H[FKDQJHUV LW LV DOVRGHVFULEHGKRZD*6+3 IRU ,UDQLDQ)XHO
&RQVHUYDWLRQ2UJDQL]DWLRQZDV GHVLJQHG  HYDOXDWHV WKH SHUIRUPDQFH RI D*6+3 LQVWDOOHG LQ D FROG FLW\ LQ WKH
QRUWKHUQSDUWRI,UDQ,QDVHFWLRQRIWKHHQHUJ\VDYLQJHIIHFWVRIH[SDQGLQJWKHXVDJHRIKHDWSXPSLQWKHFDSLWDO
RI,UDQLVVWXGLHG
+RZHYHUDFFRUGLQJWRWKHDXWKRUV¶NQRZOHGJHWKLVLVWKHILUVWVWXG\DERXWXVLQJDLUVRXUFHKHDWSXPSVLQ,UDQ,Q
IDFWPRVW UHVHDUFK GRQH DERXW WKH HIILFLHQF\ RI WKH XVH RI KHDW SXPSV LQ ,UDQ MXVW IRFXVHV RQ JHRWKHUPDO KHDW
SXPSVZKLFKEHFDXVHRIUHTXLULQJELJLQLWLDOLQYHVWPHQWDUHQRWWKHEHVWFKRLFHIRUGRPHVWLFXVDJH
2.2. Central concepts of thermodynamic model of a house 
7KLV VXEVHFWLRQ GLVFXVVHV WKH WKHRUHWLFDO EDFNJURXQG FRQFHUQLQJ KHDWLQJ V\VWHPV DQG WKH UHODWLRQ WR RXWGRRU
WHPSHUDWXUH 7RG LQGRRU WHPSHUDWXUH 7LQ DQG FHQWUDO FRQFHSWV FKDUDFWHUL]LQJ D KRXVH VXFK DV KHDW ORVV UDWH İ
GHSHQGLQJRQLQVXODWLRQOHYHORIWKHKRXVHDQGKHDWFDSDFLW\&RIWKHKRXVHGHSHQGLQJRQYROXPHRIWKHKRXVH
DFFRUGLQJWR
7KH HQHUJ\ ORVV RI D KRXVH SHU WLPH XQLW ZLWK LQGRRU WHPSHUDWXUH 7LG DQG ORZHU RXWGRRU WHPSHUDWXUH 7RG LV
SURSRUWLRQDOWRWKHWHPSHUDWXUHGLIIHUHQFHEHWZHHQLQGRRUDQGRXWGRRUWHPSHUDWXUHV7KHSURSRUWLRQIDFWRUİLVWKH
ORVVUDWH
HQHUJ\ORVVGXULQJ't  HTod Tin 't    
7KLVORVVUDWHGHSHQGVRQWKHLQVXODWLRQOHYHORIWKHµVNLQ¶RIWKHKRXVHWKHDUHDLQFRQWDFWZLWKWKHRXWVLGHVXFK
DVWKHZDOOVZLQGRZVIORRUDQGURRI
$QRWKHU FHQWUDO FRQFHSW LV WKH KHDW FDSDFLW\ RI D KRXVH7KH DPRXQW RI HQHUJ\QHHGHG WR LQFUHDVH WKH LQGRRU
WHPSHUDWXUH LV SURSRUWLRQDO ZLWK WKH GLIIHUHQFH ǻ7LG LQ LQGRRU WHPSHUDWXUH 7KH SURSRUWLRQ IDFWRU & LV WKH KHDW
FDSDFLW\
HQHUJ\QHHGHGIRUKHDWLQJXS C'Tin   
7KHKHDWLQJFDSDFLW\&RIDKRXVHGHSHQGVRQWKHYROXPHFRQWHQWRIWKHKRXVH,QDUHDOVLWXDWLRQGXULQJDWLPH
LQWHUYDORIWHPSHUDWXUHLQFUHDVHVWLOOVRPHHQHUJ\ORVVWDNHVSODFHDVZHOOEXWLQWKHVLPXODWLRQVGLVFXVVHGKHUHLWLV
DVVXPHGWKDWKHDWLQJXSLVGRQHLQMXVWRQHPRPHQWWKHORVWHQHUJ\GXULQJWKHKHDWLQJXSLVQHJOHFWHG0RUHRYHU
ZHFDQXVHERWKDQGWRFDOFXODWHWKHFKDQJHVLQ7LQDIWHUORRVLQJHQHUJ\LQDSHULRGRIWLPHZKLFKKHDWLQJ
V\VWHPLVQRWZRUNLQJFRROLQJGRZQ
'Tin  
H
C
Tin Tod 't   
3OHDVHQRWHWKDWWKHFRQFHSWVGLVFXVVHGDERYHFDQEHDSSOLHGIRUVSHFLILFWLPHLQVWDQWVRUYHU\VKRUWWLPHGXUDWLRQV
EXWWKH\FDQDOVREHXVHGIRUORQJHUWLPHSHULRGVVXFKDVGD\VPRQWKVRUVHDVRQV,QWKHODWWHUFDVHWKHIRUPXODV
DQGFDQVWLOOEHDSSOLHGEXWVRPHIRUPRIVXPPDWLRQRULQWHJUDWLRQRYHUWLPHLVQHHGHG7KLVKDVEHHQ
GRQHLQWKHVLPXODWLRQV
2.3. Energy prices  
,UDQLVDPRQJWKHFRXQWULHVZLWKWKHODUJHVWIRVVLOIXHOUHVHUYHVVSHFLDOO\RLODQGQDWXUDOJDVLQWKHZRUOG$VD
FRQVHTXHQFHWKHSULFHRIHQHUJ\LVPXFKORZHULQFRPSDULVRQWRRWKHUFRXQWULHV0RUHRYHUWKH,UDQLDQJRYHUQPHQW
KDV VXEVLGL]HG HQHUJ\ SURGXFWV VLQFH  DQG WKHVH VXEVLGLHV LQYROYH D PDLQ SDUW RI DQQXDO EXGJHW RI WKH
JRYHUQPHQW+RZHYHUDFFRUGLQJWRWKH³VXEVLG\UHIRUPSODQ´WKHJRYHUQPHQWLVJRLQJWRUHPRYHWKHVHVXEVLGLHV
JUDGXDOO\
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2.3.1. Current prices in Iran 
$WWKHPRPHQWIURP0DUFKIRURQH\HDUWKHELOOVRIHOHFWULFLW\DQGQDWXUDOJDVIRUGRPHVWLFEXLOGLQJVDUH
FDOFXODWHGDFFRUGLQJ WRD VWHSVKDSHGFXUYH(DFKVWHSVKRZVDUDQJHRIFRQVXPSWLRQ ,Q WKH ILUVW VWHS YHU\ ORZ
FRQVXPSWLRQWKHSULFHLVDOVRORZDQGWKHSULFHZLOOLQFUHDVHVWHSE\VWHS,WPHDQVWKDWLIDKRXVHFRQVXPHVPRUH
WKHSULFHZLOOEHKLJKHU7DEOHVKRZVWKHSULFHVRIHOHFWULFLW\IRUGLIIHUHQWVWHSV
7DEOH3ULFHRIHOHFWULFLW\IRUGRPHVWLFXVDJHLQ,UDQ
 0RQWKO\&RQVXPSWLRQ.:K 3ULFH SHU .:K LQ
5LDODQG(XUR,
VWVWHS WR 5 ¼
QGVWHS WR 5 ¼
UGVWHS WR 5 ¼
WKVWHS WR 5 ¼
WKVWHS WR 5 ¼
WKVWHS WR 5 ¼
WKVWHS 0RUHWKDQ.:K 5 ¼

)RU H[DPSOH LI WKH HOHFWULFLW\ FRQVXPSWLRQRI DKRXVH IRURQHPRQWK LV .:K WKHQN:K LV FDOFXODWHG
DFFRUGLQJ WR WKHSULFHRI WKHILUVWVWHSN:KDFFRUGLQJSULFHRI WKHVHFRQGVWHSDQGN:KDFFRUGLQJ WR WKH
WKLUGRQH6RWKHELOOZRXOGEH,55 ¼3OHDVHQRWHWKDWLQIDFWVRPH
RWKHUFRVWVWD[VXEVFULSWLRQDUHDGGHGWRWKLVDPRXQWZKLFKDUHQRWWDNHQLQWRDFFRXQWKHUH
7KHSULFLQJPHFKDQLVPIRUJDV LVDELWPRUHFRPSOH[7KHUHDUH WZRGLIIHUHQWPHFKDQLVPVIRUZDUPDQGFROG
PRQWKV+RZHYHUVLQFHWKHIRFXVRIWKLVSDSHULVMXVWRQFROGPRQWKVMXVWWKHSULFLQJPHFKDQLVPZKLFKLVXVHGLQ
ILYHFROGPRQWKVLVH[SODLQHG
0RVWRIWKH,UDQLDQKRXVHVDUHXVHGJDVEDVHGKHDWLQJV\VWHPVGXULQJZLQWHUWLPH6RWRVXSSRUWWKHSHRSOHZKR
OLYHLQFROGHUDUHDVWKHJRYHUQPHQWKDVFODVVLILHGWKHFRXQWU\WRIRXUUHJLRQV$QGHDFKUHJLRQKDVLWVRZQSULFHV
7DEOH VKRZV WKHSULFHVRIQDWXUDO JDV IRUGLIIHUHQW UHJLRQVGXULQJ WKHZLQWHUPRQWKV1RWH WKDW UHJLRQ LV WKH
FROGHVWUHJLRQDQGUHJLRQFRQWDLQVWKHKRWFLWLHVRI,UDQ
 7DEOH3ULFHRIQDWXUDOJDVIRUGRPHVWLFXVDJHLQFROGPRQWKVLQ,UDQ
 0RQWKO\
&RQVXPSWLRQP
5HJLRQ
0RQWKO\
&RQVXPSWLRQP
5HJLRQ
0RQWKO\
&RQVXPSWLRQP
5HJLRQ
0RQWKO\
&RQVXPSWLRQP
5HJLRQ
3ULFH SHUP LQ 5LDO DQG
(XUR
VWVWHS WR WR WR WR 5 ¼
QGVWHS WR WR WR WR 5 ¼
UGVWHS WR WR WR WR 5 ¼
WKVWHS WR WR WR WR 5 ¼
WKVWHS WR WR WR WR 5 ¼
WKVWHS WR WR WR WR 5 ¼
WKVWHS WR WR WR WR 5 ¼
WKVWHS WR WR WR WR 5 ¼
WKVWHS WR WR WR WR 5 ¼
WKVWHS WR WR WR WR 5 ¼
WKVWHS WR WR WR WR 5 ¼
WKVWHS 0RUHWKDQ 0RUHWKDQ 0RUHWKDQ 0RUHWKDQ 5 ¼

$VDQH[DPSOHLIDKRXVHLQ$KZD]DKRWFLW\LQUHJLRQFRQVXPHVPWKHQPLVFDOFXODWHGDFFRUGLQJ
WRWKHSULFHRIILUVWVWHSPDFFRUGLQJSULFHRIVHFRQGVWHSDQGPDFFRUGLQJWRWKHWKLUGRQH6RWKHELOO
ZRXOGEH5LDO ¼


,$WWKHWLPHRIZULWLQJWKLVSDSHU(XURLVDOPRVWHTXDOWR,UDQLDQ5LDOV
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2.3.2. Real prices in Iran without subsidies 
$OWKRXJKFXUUHQWO\VXEVLGLHVDUHSURYLGHGWKHDLPRIWKHJRYHUQPHQWLVWRJUDGXDOO\GHFUHDVHWKHPLQWKHIXWXUH
,Q WKLVSDSHU WKHFRVWVZLWKDQGZLWKRXWVXEVLGLHVDUHFRQVLGHUHGDQGFRPSDUHG+RZHYHU LW LVGLIILFXOW WRKDYHD
SUHFLVH HVWLPDWLRQ DERXW WKH UHDO SULFHV RI HOHFWULFLW\ DQG QDWXUDO JDVZLWKRXW VXEVLGLHV LQ ,UDQ$FFRUGLQJ WR WKH
GHSXW\PLQLVWHURIHQHUJ\WKHUHDOSULFHRIHOHFWULFLW\LQ,UDQLVDURXQG5LDOV,6HSWHPEHU
+RZHYHU ZH FRXOG QRW ILQG DQ\ VRXUFH DERXW WKH UHDO SULFH RI QDWXUDO JDV 6R ZH KDYH WULHG WR HVWLPDWH LW
DFFRUGLQJWRWKHDYDLODEOHLQIRUPDWLRQ,QWKH\HDUO\EXGJHGSURJUDPRIJRYHUQPHQWIRUWKHUHDOSULFHRI
JDV LVFDOFXODWHGDV5LDOV,,6R WRKDYHDQHVWLPDWLRQDERXW WKH UHDOSULFHRIQDWXUDOJDVDWZHKDYH WR
PXOWLSO\LWWRWKHFKDQJHVRIFRQVXPHUSULFHLQGH[,,,LQ0DUFKWRLQ6RDFFRUGLQJWR
RXUHVWLPDWLRQWKHUHDOSULFHRIQDWXUDOJDVLVDURXQG5LDOVRU¼
2.3.3. Prices in a European country (the Netherlands) 
3ULFHVLQRWKHUFRXQWULHVIRUH[DPSOHWKH1HWKHUODQGVLQ(XURSHDUHGLIIHUHQW,QWKLVFRXQWU\IRUGRPHVWLFXDJH
HOHFWULFLW\FRVWVDERXW¼SHUN:K%XWPRVWRIWKLVLVWD[:LWKRXWWD[LWZRXOGEHDURXQG¼SHUN:K)RU
JDVWKHSULFHLVDERXW¼SHUP+DOIRIWKLVLVWD[VRZLWKRXWWD[LWZRXOGEHDERXW¼SHUP
6LPXODWLRQ
$VH[SODLQHGZHKDYHFDOFXODWHGWKHDPRXQWRIHOHFWULFLW\QDWXUDOJDVZKLFKLVUHTXLUHGWRKHDWDKRXVHLQWKUHH
DOWHUQDWLYHZD\VXVLQJDJDVEDVHGKHDWLQJV\VWHPHOHFWULFDOKHDWHUDQGDOVR$6+3)LJXUHJLYHVWKHEDVLFLGHDRI
WKHSURFHVV0RUHLQIRUPDWLRQDERXWHDFKSDUWLVH[SODLQHGLQDVXEVHFWLRQPHQWLRQHGEHORZWKHRYDOV

















)LJ7KHSDUWVRISURFHVVWRFDOFXODWHWKHFRVWIRUKHDWLQJXSDKRXVHGXULQJFROGPRQWKV'HVFULSWLRQRIHDFKSDUWFDQEHIRXQGLQVXEVHFWLRQ
PHQWLRQHGEHORZHDFKHOHPHQW
,QWKLVVHFWLRQILUVWWKHFOLPDWLFFRQGLWLRQVRIWKHVHOHFWHGFLWLHVDUHH[SODLQHGWKHQWKHWKHUPRG\QDPLFPRGHORI
DKRXVHLVH[SODLQHGDQGILQDOO\WKHDVVXPSWLRQVIRUWKHVLPXODWLRQDUHGHVFULEHGLQGHWDLO


,KWWSLVQDLUIDQHZV
,,KWWSZZZPDJLUDQFRPQSYLHZDVS",' 	W\SH 
,,,KWWSZZZFELLUSDJHDVS[
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3.1. Datasets 
$VPHQWLRQHGWKHSULFHRIJDVLQFROGPRQWKVIRUGLIIHUHQW,UDQLDQFLWLHVDQGYLOODJHVLVFDOFXODWHGDFFRUGLQJWR
LWVFOLPDWLFUHJLRQ6RWKHSULFHIRUFROGHUUHJLRQVLVORZHUWKHQIRUKRWUHJLRQV7RKDYHDFRPSUHKHQVLYHYLHZZH
KDYHXVHGWKHKRXUO\WHPSHUDWXUHGDWDVHWVRIIRXUFLWLHVORFDWHGLQIRXUGLIIHUHQWUHJLRQV7KHVHGDWDLVGRZQORDGHG
IURPZHEVLWHRIWKH,UDQ0HWHRURORJLFDO2UJDQL]DWLRQ,7DEOHH[SODLQVWKHFOLPDWLFVLWXDWLRQRIWKHVHFLWLHV
7DEOH%ULHIH[SODQDWLRQDERXWWKHSODFHVWKDWWKHLUFOLPDWLFLQIRUPDWLRQLVXVHG
1DPH 5HJLRQ1XPEHU
$YHUDJHRI
WHPSHUDWXUHLQ
FROGPRQWKV&
$YHUDJHRI
GDLO\YDULDQFH
LQWHPSHUDWXUH
%ULHI'HVFULSWLRQ

7DEUL] &ROG   7HKUDQLVWKHFDSLWDORI,UDQDQG7HKUDQ3URYLQFH:LWKPRUHWKDQPLOOLRQSRSXODWLRQ
0DVKKDG    &DSLWDORI5D]DYL.KRUDVDQ3URYLQFHZLWKPRUHWKDQPLOOLRQSRSXODWLRQ
7HKUDQ   
&DSLWDORI(DVW$]HUEDLMDQ3URYLQFHZLWKPRUHWKDQPLOOLRQ
SRSXODWLRQ7HKUDQVXIIHUVIURPVHYHUHDLUSROOXWLRQHVSHFLDOO\LQFROG
PRQWKV
$KYD] +RW  
&DSLWDORI.KX]HVWDQ3URYLQFHZLWKPRUHWKDQRQHPLOOLRQSRSXODWLRQ
$KZD]KDVWKHZRUOG
VZRUVWDLUSROOXWLRQDFFRUGLQJWRDVXUYH\E\WKH
:RUOG+HDOWK2UJDQL]DWLRQLQ,,
3.2. Scenario used 
,Q WKH VLPXODWLRQ LW LV DVVXPHG WKDW LQGRRU WHPSHUDWXUHV RFFXU LQ D UDQJH RI >7PLQ 7PD[@ :KHQ WKH LQGRRU
WHPSHUDWXUH7LQLVKLJKHUWKDQ7PLQWKHKHDWLQJV\VWHPZLOOEHRIIGXULQJWKLVWLPH7LQZLOOGHFUHDVHGXHWRFRROLQJ
GRZQEHFDXVHRIFROGRXWGRRUWHPSHUDWXUH7KHQHZLQGRRUWHPSHUDWXUHFDQEHFDOFXODWHGDFFRUGLQJWR2QWKH
RWKHU KDQG ZKHQ 7LQ FRPHV EHORZ 7PLQ WKH KHDWLQJ V\VWHP ZLOO JHQHUDWH HQRXJK KHDWLQJ HQHUJ\ FDOFXODWHG
DFFRUGLQJWRWRLQFUHDVHWKHLQGRRUWHPSHUDWXUHWR7PD[
$VLW LVGHSLFWHGLQ)LJXUHWKHUHTXLUHGDPRXQWRIJDVRUHOHFWULFLW\LVGHSHQGHQWWRWKHUHTXLUHGKHDWHQHUJ\
DQGDOVRWKHSHUIRUPDQFHRIKHDWLQJV\VWHP8QOLNHJDVEDVHGV\VWHPVDQGHOHFWULFDOKHDWHUVWKHSHUIRUPDQFHRIDQ
$6+3LVQRWDFRQVWDQWDQGLWYDULHVE\FKDQJHVLQWKHWHPSHUDWXUHRIDPELHQWDLU6HF
,QWKHODVWSKDVHRIWKHVLPXODWLRQWKHFRVWLVFDOFXODWHGDFFRUGLQJWRERWKWKHUHTXLUHGJDVRUHOHFWULFLW\DQGDOVR
WDULIIV,QWKLVSDSHUWKHFRVWLVFDOFXODWHGDFFRUGLQJWRWKHFXUUHQWWDULIIVLQ,UDQWKHUHDOSULFHVZLWKRXWVXEVLGLHV
DQGDOVRWKHWDULIIVLQDQ(XURSHDQFRXQWU\WKH1HWKHUODQGVZKHUHJRYHUQPHQWSXVKSHRSOHWRXVHOHVVIRVVLOIXHO
EDVHGHQHUJLHVE\SXWWLQJKLJKWD[HVRQWKHSULFHRIQDWXUDOJDVDQGHOHFWULFLW\
3.3. Details 
6LQFH WKLVSDSHU LVEDVHGRQ D VLPXODWRUZHKDYH WRPDNH VRPHDVVXPSWLRQV DERXW WKH IHDWXUHVRI WKHKRXVH
KHDWLQJ GHYLFHV DQG DOVR WKH EHKDYLRU RI WKH LQKDELWDQWV RI WKH KRXVH 7DEOH  VKRZV WKH YDOXH RI VRPH RI WKH
SDUDPHWHUVXVHGLQWKHVLPXODWRU





,KWWSZZZLULPRLU
,,*XLQQHVV:RUOG5HFRUGV3DJH+DUGFRYHUHGLWLRQ
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7DEOH9DOXHRIVRPHSDUDPHWHUVLQRXUVLPXODWLRQV
7PLQ 7PD[ İ & 3HUIRUPDQFHRIJDVKHDWHU (QHUJ\FRQWHQWRIPRIQDWXUDOJDV 3HUIRUPDQFHRIHOHFWULFDOKHDWHU
     N:K 

7KH ,UDQLDQQDWLRQDO VWDQGDUG RUJDQL]DWLRQ HVWDEOLVKHG DQ HQHUJ\ FRQVXPSWLRQ ODEHO WKDW DOO JDVEDVHG KHDWHUV
QHHGWRKDYH,$FFRUGLQJWRVRPHUHSRUWV,,QRQRIDYDLODEOHJDVEDVHGKHDWHUVLQ,UDQKDYHODEHO$SHUIRUPDQFH!
QRU%!SHUIRUPDQFH!-XVWKDYHODEHO&!SHUIRUPDQFH!DQGKDYHODEHO'
!SHUIRUPDQFH!KDYH(!SHUIRUPDQFH!KDYH)!SHUIRUPDQFH!
DQGRIJDVEDVHGKHDWHUVKDYH*!SHUIRUPDQFH!7KHSHUIRUPDQFHRIWKHUHPDLQLQJSHUFHQWZKLFK
GR QRW KDYH D VWDQGDUG ODEHO LV ORZHU WKDQ  ZKLFKPHDQV WKDWPRUH WKDQ KDOI RI WKH HQHUJ\ LV ORVW ,Q RXU
VLPXODWLRQVZHKDYHFRQVLGHUHGDJDVEDVHGKHDWHUZLWKODEHO)2QWKHRWKHUKDQGWKHJURVVKHDWRIFRPEXVWLRQRI
RQHFXELFPHWHURIQDWXUDOJDVLVDURXQGN:K
)RUDQHOHFWULFDOKHDWHUZHFRQVLGHUWKHKLJKHVWSRVVLEOHSHUIRUPDQFH$QGZHKDYHXVHGWRKDYHDQ
HVWLPDWLRQRISHUIRUPDQFHRI$6+3IRUGLIIHUHQWRXWGRRUWHPSHUDWXUHV
SPF   Tod  Tod
   
5HVXOWV
,QWKLVVHFWLRQWKHUHVXOWVRIWKHVLPXODWLRQH[SHULPHQWVDUHSUHVHQWHG
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)LJ5HTXLUHGJDVRUHOHFWULFLW\(DFKURZLVDOORFDWHGWRRQHFLW\DQGWKHQDPHRIFLWLHVDUHZULWWHQRQWKHOHIWVLGHRIURZV7KHILUVWFROXPQ
VKRZVWKHDYHUDJHWHPSHUDWXUHIRUWKHILYHPRQWKV7KHJUDSKVLQWKHVHFRQGFROXPQVKRZKRZPXFKJDVLVUHTXLUHGLIZHXVHDJDVEDVHG
KHDWLQJV\VWHPWRKHDWWKHVLPXODWHGKRXVH7KHWKLUGDQGIRXUWKFROXPQVKRZVWKHUHTXLUHGHOHFWULFLW\LQFDVHRIXVLQJDQHOHFWULFDOKHDWHUDQG
$6+3UHVSHFWLYHO\3OHDVHQRWHWKDWWKHDYHUDJHRIEDUVLQHDFKJUDSKLVZULWWHQRQWRSRIWKHJUDSKV


,KWWSZZZLIFRLUEXLOGLQJVWDQGDUGKRPHVSDFHKHDWHUSGI
,,KWWSZZZSD\DPHQDIWFRPPKWP
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)LJXUH  VKRZV WKH DPRXQW RI UHTXLUHG QDWXUDO JDV RU HOHFWULFLW\ WR KHDWLQJ WKH VLPXODWHG KRXVH 7R EHPRUH
XQGHUVWDQGDEOH WKHILUVWFROXPQRIWKLVILJXUHVKRZVWKHPRQWKO\DYHUDJHRIWHPSHUDWXUHLQHDFKFLW\7KHVHFRQG
FROXPQVKRZVWKHPRQWKO\UHTXLUHGDPRXQWRIJDVLQWKHFDVHRIXVLQJDJDVEDVHGV\VWHP$QGQH[WFROXPQVVKRZ
WKHPRQWKO\UHTXLUHGDPRXQWRIHOHFWULFLW\LQFDVHRIXVLQJHOHFWULFDOKHDWHUDQG$6+3UHVSHFWLYHO\%\FRPSDULQJ
WKHEDUFKDUWVLQWKHWKLUGFROXPQDQGFKDUWVLQIRXUWKFROXPQZHFDQVHHWKDWWKHHOHFWULFLW\XVDJHRIDQ$6+3LV
PXFK OHVV WKDQ D FRPPRQHOHFWULFDO KHDWHU+RZHYHU VLQFH WKHXQLWV DUHGLIIHUHQWZH FDQQRW HDVLO\ FRPSDUH WKH
FKDUWVLQWKHVHFRQGFROXPQZLWKRWKHUV6RWKHIRFXVLQWKHQH[WILJXUHVLVRQWKHPRQWKO\FRVWV
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)LJ&RVWVRIUHTXLUHGJDVRUHOHFWULFLW\DFFRUGLQJWRWKHFXUUHQWSULFHRIQDWXUDOJDVDQGHOHFWULFLW\LQ,UDQ(DFKURZLVDOORFDWHGWRRQHFLW\
DQGWKHFLW\QDPHVDUHZULWWHQRQWKHOHIWVLGHRIURZV7KHJUDSKVLQWKHILUVWFROXPQVKRZKRZPXFKLWFRVWVWRKHDWWKHVLPXODWHGKRXVHXVLQJD
JDVEDVHGKHDWHU7KHVHFRQGDQGWKLUGFROXPQVKRZWKHFRVWVRIUHTXLUHGHOHFWULFLW\XVLQJDQHOHFWULFDOKHDWHUDQG$6+3UHVSHFWLYHO\3OHDVH
QRWHWKDWWKHDYHUDJHRIEDUVLQHDFKJUDSKLVZULWWHQRQWRSRIWKHJUDSKV
$VLVLWGHSLFWHGLQ)LJXUHHYHQWKRXJKWKHFRVWRIHOHFWULFLW\XVDJHRI$6+3LVPXFKOHVVWKDQWKHFRVWRIDQ
HOHFWULFDOKHDWHUVWLOOLWLVKLJKHUWKDQFRVWVRIDJDVEDVHGKHDWHUDQGLWLVTXLWHGLIIHUHQWIURPWKHVLWXDWLRQLQPRUH
GHYHORSHGFRXQWULHV)LJXUHVKRZVWKHFRVWLQWKHFDVHRISULFLQJWKHHOHFWULFLW\DQGJDVDFFRUGLQJWRWKHSULFHVLQ
WKH1HWKHUODQGV
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)LJ&RVWRIUHTXLUHGJDVRUHOHFWULFLW\DFFRUGLQJWRWKHFXUUHQWSULFHRIQDWXUDOJDVDQGHOHFWULFLW\LQWKH1HWKHUODQGV(DFKURZLVDOORFDWHGWR
RQHFLW\DQGWKHFLW\QDPHVDUHZULWWHQRQWKHOHIWVLGHRIURZV7KHJUDSKVLQWKHILUVWFROXPQVKRZKRZPXFKLWFRVWVWRKHDWWKHVLPXODWHG
KRXVHXVLQJDJDVEDVHGKHDWHU7KHVHFRQGDQGWKLUGFROXPQVKRZFRVWVRIWKHUHTXLUHGHOHFWULFLW\XVLQJDQHOHFWULFDOKHDWHUDQG$6+3
UHVSHFWLYHO\3OHDVHQRWHWKDWWKHDYHUDJHRIWKHEDUVLQHDFKJUDSKLVZULWWHQRQWRSRIWKHJUDSKV
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
)LJ&RVWRIUHTXLUHGJDVRUHOHFWULFLW\DFFRUGLQJWRWKHUHDOSULFHVLQ,UDQZLWKRXWVXEVLGLHV(DFKURZLVDOORFDWHGWRRQHFLW\DQGWKHFLW\
QDPHVDUHZULWWHQRQWKHOHIWVLGHRIURZV7KHJUDSKVLQWKHILUVWFROXPQVKRZKRZPXFKLWFRVWVWRKHDWWKHVLPXODWHGKRXVHXVLQJDJDVEDVHG
KHDWHU7KHVHFRQGDQGWKLUGFROXPQVKRZWKHFRVWVRIUHTXLUHGHOHFWULFLW\XVLQJDQHOHFWULFDOKHDWHUDQG$6+3UHVSHFWLYHO\3OHDVHQRWHWKDWWKH
DYHUDJHRIEDUVLQHDFKJUDSKLVZULWWHQRQWRSRIWKHJUDSKV
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
$VFDQEHVHHQLQ)LJXUHDFFRUGLQJWRWKHSULFHVLQWKH1HWKHUODQGVWKHFKHDSHVWRSWLRQLV$6+3ZKLOHEDVHG
RQWKHFXUUHQWSULFHVLQ,UDQXVLQJ$6+3LVPXFKPRUHH[SHQVLYHWKDQJDVEDVHGKHDWHUV2QHPDLQUHDVRQIRUWKLV
LVWKDW,UDQKDVKXJHUHVHUYHVRIJDVWKHUHIRUHWKHSULFHRIJDVDQGHQHUJ\LQJHQHUDOLVOHVVWKDQRQLQWHUQDWLRQDO
PDUNHWV2QWKHRWKHUKDQGWKHVXEVLG\SROLF\RI,UDQLDQJRYHUQPHQWLVDQRWKHUPDLQUHDVRQ1H[WILJXUHVKRZVWKH
FRVWDFFRUGLQJWRRXUHVWLPDWLRQVDERXWWKHUHDOSULFHVZLWKRXWVXEVLGLHVLQ,UDQ
$FFRUGLQJWRWKHUHVXOWRIVLPXODWLRQVGHSLFWHGLQILJXUHQRWRQO\XVLQJ$6+3LVWKHFKHDSHVWRSWLRQEXWDOVR
LQFLWLHVZLWKKRWZHDWKHULWFDQUHGXFHWKHKHDWLQJFRVWVWROHVVWKDQILIW\SHUFHQW

'LVFXVVLRQ
7KH DQDO\VLVPDGH LQ WKLV SDSHU XVLQJ VLPXODWLRQ H[SHULPHQWV IRU DOWHUQDWLYH KHDWLQJ V\VWHPV VKRZV KRZ WKH
DQQXDO FRVWV IRU GRPHVWLF KHDWLQJ E\ WKHP VWURQJO\ GHSHQG RQ WKH SULFHV RI HQHUJ\ VRXUFHV VXFK DV JDV DQG
HOHFWULFLW\*LYHQWKHFXUUHQWSULFLQJLQ,UDQZLWKVXEVLGLHVLWZLOOEHGLIILFXOWWRSHUVXDGHKRPHRZQHUVWRJRIRUWKH
PRVWFOHDQDOWHUQDWLYHVVXFKDVKHDWSXPSVDQGKHDWLQJE\HOHFWULFLW\7KLVKDVWZRUHDVRQV,QFRPSDULVRQWRJDV
EDVHGKHDWLQJWKHLQLWLDO LQYHVWPHQWFDQEHWRRKLJKIRUWKHFOHDQHUDOWHUQDWLYHVDQGWKHPRQWKO\FRVWVPD\EHWRR
KLJK IRU WKH FOHDQHU DOWHUQDWLYHV)RU HOHFWULFKHDWHUV WKH VHFRQG UHDVRQSOD\V DQ LPSRUWDQW UROH WKH\XVH D ORWRI
HOHFWULFLW\2QWKHRWKHUKDQGWKH\DUHTXLWHFKHDSWREX\WKHP6RWRPDNHWKHPDQHFRQRPLFDOWHUQDWLYHWKHSULFH
RI HOHFWULFLW\ VKRXOG EH H[WUHPHO\ ORZ FRPSDUHG WR JDV ZKLFK PD\ QRW EH UHDOLVWLF IRU ,UDQ $ PRUH UHDOLVWLF
DOWHUQDWLYHDOVRIRU,UDQLVWKHXVHRIDQDLUWRZDWHUKHDWSXPS7KHHOHFWULFLW\XVHGE\WKHPIRUWKHVDPHKHDWLQJLV
DERXWWRWLPHVORZHUWKDQKHDWLQJE\HOHFWULFLW\VRLWLVUHODWLYHO\HDV\WRKDYHORZHUPRQWKO\FRVWVWKDQIRUJDV
EDVHGKHDWLQJ+RZHYHUWKH\DUHDELWH[SHQVLYH7REX\WKHPZLOOFRVWDQLQYHVWPHQWXSWRRUWLPHVPRUHWKDQ
IRU D JDVEDVHG KHDWLQJ V\VWHP 6R WKH JDLQ LQ PRQWKO\ FRVWV KDV WR EH VXEVWDQWLDO LQ FRPSDULVRQ WR JDVEDVHG
KHDWLQJLQRUGHUWRUHDFKDEUHDNHYHQSRLQWIRUH[DPSOHZLWKLQ\HDUV7KLVLPSRVHVVHULRXVUHTXLUHPHQWVRQWKH
GLIIHUHQFHLQSULFLQJEHWZHHQHOHFWULFLW\DQGJDV7KXVLWPLJKWVWLOOEHGRXEWHGZKHWKHUWKLVDOWHUQDWLYHFDQEHFRPH
HFRQRPLFIRUKRXVHRZQHUVJLYHQWKHFXUUHQWSULFLQJVLWXDWLRQLQ,UDQ%XWWKHFRPSDULVRQZLWKSULFHVDWWKHOHYHORI
D(XURSHDQFRXQWU\WKH1HWKHUODQGVVKRZVWKDWLW LVVWLOODIHDVLEOHRSWLRQWRKDYHOHYHOVRISULFHVWKDWPDNHWKLV
KHDWSXPSDVWKHFOHDQHVWDOWHUQDWLYHIRUKHDWLQJHFRQRPLF
&RQFOXVLRQDQGIXWXUHZRUNV
,Q WKLVSDSHU LW LV VKRZQKRZVLPXODWLRQPRGHOVFDQEHXVHG WRILQGRXWZKLFK W\SHRIKHDWLQJV\VWHPFDQEHDQ
HFRQRPLF FKRLFH LQ GLIIHUHQW UHJLRQV LQ ,UDQ WKHUHE\ WDNLQJ LQWR DFFRXQW GLIIHUHQW SULFLQJ RSWLRQV 7KH ZRUN
UHSRUWHGKHUHFDQEHUHILQHGDQGH[WHQGHGLQDQXPEHURIZD\V6RPHVXJJHVWLRQVIRUIXWXUHZRUNDUH
 $QDO\]LQJWKHDYDLODEOHDQGDOVRWKHIXWXUHSURJUDPVDERXWLQIUDVWUXFWXUHLQ,UDQ)RUH[DPSOHPD\EHWKHUH
LVQRQHHGWREXLOGQHZSLSHOLQHVIRUJLYHJLYLQJDFFHVVWRQDWXUDOJDVWRQHZFLWLHVLQFDVHRIXVLQJ$6+3
IRUKHDWLQJ,WLVPRUHHFRQRPLFERWKIRUEXLOGLQJDQGDOVRPDLQWDLQLQJQHZLQIUDVWUXFWXUH
 8VLQJ PRUH GHWDLOHG PRGHOV IRU KRXVHV DQG IRU WKH SHUIRUPDQFH RI KHDWLQJ V\VWHPV HJ XVLQJ WKH
LQIRUPDWLRQRIWKHRXWGRRUZLQGDQGKXPLGLW\LQDGGLWLRQWRWHPSHUDWXUH
 $ODUJHSDUWRI ,UDQFRQVLVWVRIGHVHUWV,Q WKHVHFLWLHV WKHUH LVDELJGLIIHUHQFHEHWZHHQGD\ WHPSHUDWXUH
DQG QLJKW WHPSHUDWXUH 6R VWXG\LQJ KHDWLQJ V\VWHPV IRU FLWLHV ORFDWHG LQ GHVHUW FDQ EH D SRVVLELOLW\ IRU
IXWXUHZRUNV
 $GGLQJKHDWLQJRIKRWVDQLWDWLRQZDWHUWRWKHVLPXODWLRQV
 3HUIRUPLQJDQDO\VLVLQDIHZUHDOFDVHVWXGLHVRIKRXVHVLQVRPHFLWLHV

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$FNQRZOHGJHPHQWV
7KHDXWKRUV DUHJUDWHIXO WR0U0RKDPPDG6ROWDQLDQ IURPFHQWUDOEDQNRI WKH ,VODPLF5HSXEOLFRI ,UDQZKR
KHOSHGXVD ORW WRKDYHEHWWHUHVWLPDWLRQVDQGXQGHUVWDQGLQJDERXW WKHUHDOSULFHVRIQDWXUDOJDVDQGHOHFWULFLW\ LQ
,UDQ
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